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TRANSFER OF OVERLAPPING ROUTING AREA 
CONTROL INFORMATION IN A RADIO ACCESS 

NETWORK 



BACKGROUND 

5 This application claims the benefit and priority of the following United States 

Provisional Patent Applications, all of which are incorporated herein by reference: US 
Provisional Patent Application Serial No. 60/152,345 filed September 7, 1999; and US 
Provisional Patent Application Serial No. 60/153,695 filed September 14, 1999. 



1. FIELD OF THE INVENTION 

10 The present invention relates to cellular radio communication networks, and 

particularly the handover of mobile user equipment units (UEs) from one routing area to 
another. 



2. RELATED ART AND OTHER CONSIDERATIONS 

Cellular telecommunications systems employ a wireless link (e.g., air interface) 
15 between a (mobile) user equipment unit (UE) and a base station (BS) node. The base 
station node has transmitters and receivers for radio connections with numerous user 
equipment units. One or more base station nodes are connected (e.g., by landlines or 
microwave) and managed by a radio network controller node (also known in some 
networks as a base station controller [BSC]). The radio network controller node is, in 
20 turn, connected through control nodes to a core communications network. Control 

nodes can take various forms, depending on the types of services or networks to which 
the control nodes are connected. For connection to connection-oriented, switched 
circuit networks such as PSTN and/or ISDN, the control node can be a mobile 
switching center (MSC). For connecting to packet switching data services such as the 
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Internet (for example), the control node can be a gateway data support node through 
which connection is made to the wired data networks, and perhaps one or more serving 
nodes. 

A radio access network (RAN) covers a geographical area which is divided into 
5 cell areas, with each cell area being served by a base station. A cell is a geographical 
area where radio coverage is provided by the radio base station equipment at a base 
station site. Each cell is identified by a unique identity, which is broadcast in the cell. 

One example of a radio access network is the Universal Mobile 
Telecommunications (UMTS) Terrestrial Radio Access Network (UTRAN). The 

10 UTRAN is a third generation system which in some respects builds upon the radio 
access technology known as Global System for Mobile communications (GSM) 
developed in Europe. UTRAN is essentially a wideband code division multiple access 
(W-CDMA) system. The Universal Mobile Telecommunications (UMTS) Terrestrial 
Radio Access Network (UTRAN) accommodates both circuit switched and packet 

15 switched connections. In this regard, in UTRAN the circuit switched connections 
involve a radio network controller (RNC) communicating with a mobile switching 
center (MSC), which in turn is connected to a connection-oriented, external core 
network, which may be (for example) the Public Switched Telephone Network (PSTN) 
and/or the Integrated Services Digital Network (ISDN). On the other hand, in UTRAN 

20 the packet switched connections involve the radio network controller communicating 
with a Serving GPRS Support Node (SGSN) which in turn is connected through a 
backbone network and a Gateway GPRS support node (GGSN) to packet-switched 
networks (e.g., the Internet, X.25 external networks). 

Cellular radio communication systems use a functionality called handover to 
25 continue established calls when the mobile user equipment unit moves between 

different cells in the radio access network. The concept of handover is discussed, at 
least in part, e.g., in U.S. Patent Application SN 09/035,821 for "Telecommunications 
Inter-Exchange Measurement Transfer," and U.S. Patent Application SN 09/035,788 for 
"Telecommunications Inter-Exchange Congestion Control," both of which are 
30 incorporated herein by reference. 
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In order to support low activity UEs with a low utilization of the radio resources, 
a concept of UTRAN routing area (URA) and routing area update (URA update) has 
been introduced in UMTS. A UTRAN routing area (URA) is a geographical area 
comprising one or more cells. Each URA is identified by a unique identifier, which is 
5 broadcast in all cells belonging to the URA. A URA can comprise cells controlled by 
more than one radio network controller (RNC). In this regard, a URA with cells in 
more than one radio network controller (RNC) is referred to as an overlapping URA. 

User equipment units that are having low activity (no user data transfer) at the 
moment may switch to a "URA Connected" state. When in "URA Connected" state the 
user equipment unit will only report change in its location when moving from one URA 
to another. The present invention is intended for, but not limited to, cellular networks, 
where the existence of URAs or equivalent allows the user equipment unit to remain 
"connected" with the network in a low activity state utilizing a minimum of radio 
interface resources. 




p 15 BRIEF SUMMARY OF THE INVENTION 

u. A radio access network comprises plural radio network controllers including a 

2 first radio network controller. The plural radio network controllers are situated to 

□ establish one or more overlapping routing areas, each overlapping routing area 

comprising a cell controlled by the first radio network controller and at least one cell 
20 controlled by another of the plural radio network controllers. For signaling purposes, 
the first radio network controller need only store network addresses for: (1) any of the 
plural radio network controllers which controls a cell in any overlapping routing area; 
and, (2) any of the plural radio network controllers which functions as a serving radio 
network controller for a connection for which the first radio network controller 
25 functions as a drift radio network controller. 

When a user equipment unit moves into an overlapping routing area (in which a 
second radio network controller also controls cells), the first radio network controller 
sends, in a signaling message to a serving radio network controller, both (1) an address 
of the first radio network controller, and (2) the address of the other radio network 
30 controllers controlling cells in the overlapping routing area. The information storage 
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and signaling of the present invention thereby enable the serving radio network 
controller to page the user equipment unit throughout the overlapping routing area. 

BRIEF DESCRIPTION OF THE DRAWING 

The foregoing and other objects, features, and advantages of the invention will 
5 be apparent from the following more particular description of preferred embodiments as 
illustrated in the accompanying drawings in which reference characters refer to the 
same parts throughout the various views. The drawings are not necessarily to scale, 
emphasis instead being placed upon illustrating the principles of the invention. 

Fig. 1 is a schematic view of a basic radio access network. 

io Fig. 2 is a schematic view of the basic radio access network, and showing three 

user equipment units (UEs) at a particular moment in time. 

Fig. 3 is a schematic view of the basic radio access network, and showing three 
user equipment units (UEs) at a moment in time subsequent to that of Fig. 2.. 

Fig. 4 is a diagrammatic view of messages transmitted between a radio network 
15 controller (RNC) and a Serving Radio Network Controller (SRNC) for the scenario of 
Fig. 3. 

Fig. 5 is a schematic view of the basic radio access network, and showing a first 
example scenario in which a user equipment unit (UE) makes a URA Update in 
accordance with the present invention. 

20 Fig. 6 is a diagrammatic view of an RNC-RNC signaling procedure to support 

the URA Update of the invention in the scenario of Fig. 5. 

Fig. 7 is a schematic view of the basic radio access network, and showing a 
second example scenario in which a user equipment unit (UE) makes a URA Update in 
accordance with the present invention. 
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Fig. 8 is a diagrammatic view of an RNC-RNC signaling procedure to support 
the URA Update of the invention in the scenario of Fig. 7. 



DETAILED DESCRIPTION 

In the following description, for purposes of explanation and not limitation, 
5 specific details are set forth such as particular architectures, interfaces, techniques, etc. 
in order to provide a thorough understanding of the present invention. However, it will 
be apparent to those skilled in the art that the present invention may be practiced in 
other embodiments that depart from these specific details. In other instances, detailed 
descriptions of well known devices, circuits, and methods are omitted so as not to 
10 obscure the description of the present invention with unnecessary detail. 

Fig. 1 shows basic architecture of typical radio access network 20. The radio 
access network 20 comprises plural radio network controllers (RNCs) 24, of which 
three illustrative RNCs are shown in Fig. 1, particularly RNC 24 x - RNC 24 3 . The radio 
network controllers (RNCs) 24 control radio resources and radio connectivity within a 
15 set of cells. Each radio network controller (RNC) 24 is connected to and controls one 
or more base stations, with each base station typically serving one or more cells. In this 
regard, the radio network controllers (RNCs) 24 are often referred to as "base station 
controllers" or BSC nodes. 

Although base stations per se are not shown in Fig. 1, the cells served thereby are 
20 illustrated. A cell is a geographical area where radio coverage is provided by radio base 
station equipment at the base station site. Each cell is identified by a unique identity, 
which is broadcast in the cell. As an illustration, Fig. 1 shows that radio network 
controller (RNC) 24 x controls cells Ci : i through C 1:5 ; radio network controller (RNC) 
24 2 controls cells C 2: \ through C 2:5 ; radio network controller (RNC) 24 2 controls cells 
25 C 2: i through C 2: 5; radio network controller (RNC) 24 3 controls cells C 3: i through C 3:5 . In 
the cell notation, the first subscript corresponds to the subscript of the particular radio 
network controller (RNC) 24 which controls the cell, the second subscript serializes the 
cells controlled by the radio network controller (RNC) 24. 



In radio access network 20, plural routing areas (e.g., UTRAN routing areas) are 
30 defined, particularly example routing areas URA! through URA 6 . As mentioned above, 
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a routing area (URA) is a geographical area comprising one or more cells. For example, 
URAi comprises cells Ci : i and C 1:2 ; URA 2 comprises cells Ci :3 , Ci :4 , and Ci :5 ; and so 
forth. Each URA is identified by a unique identifier, which is broadcast in all cells 
belonging to the URA. A URA can comprise cells controlled by more than one radio 
5 network controller (RNC). For example, URA 5 comprises cells C 2:5 , C 3:J , C 3:2 , and C 3:3 , 
of which cell C 2:5 is controlled by radio network controller (RNC) 24 2 while cells C 3:1 , 
C 3:2 , and C 3:3 are controlled by radio network controller (RNC) 24 3 . Thus, URA 5 is an 
example of an overlapping URA. 

Fig. 1 further shows that each radio network controller (RNC) 24 is connected to 
a signaling network 30. The signaling network 30 enables signaling between radio 
network controllers (RNCs) 24, e.g., to support continuation of established connections 
when a user equipment unit (UE) is moving between cells controlled by different RNCs 
in radio access network 20. The signaling network 30 can be, for example, a Signaling 
Network (e.g. Signaling System No. 7). 

Each radio network controller (RNC) 24 is connected to a core network (CN) 32. 
Although in Fig. 1, for simplicity, only radio network controller (RNC) 24 1 has an 
interface to core network (CN) 32, it should be understood that radio network controller 
(RNC) 24 2 and radio network controller (RNC) 24 3 might also have an interface with 
core network (CN) 32. The core network (CN) 32 typically comprises multiple nodes. 
The radio network controllers (RNCs) 24 can all be connected to the same core network 
(CN) node, or alternatively the radio network controllers (RNCs) 24 can be connected 
to differing core network nodes. 

The user equipment unit (UE) is the mobile terminal by which a subscriber can 
access services offered by the operator's Core Network (CN), i.e., core network (CN) 
25 32. The user equipment units (UEs) can be mobile stations such as mobile telephones 
("cellular" telephones) and laptops with mobile termination, and thus can be, for 
example, portable, pocket, hand-held, computer-included, or car-mounted mobile 
devices which communicate voice and/or data with radio access network. 

On a per CN-UE connection basis, a particular radio network controller (RNC) 
30 24 can either be a Serving RNC (SRNC) or a Drift RNC (DRNC). A SRNC (Serving 
RNC) is in charge of the connection with the UE, i.e. it has full control of this 
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connection inside radio access network 20. The SRNC is connected to core network 
(CN) 32. The DRNC (Drift RNC), on the other hand, supports the SRNC with radio 
resources for a connection with the UE that needs radio resources in cells controlled by 
the DRNC. 

The radio access network 20 decides the role of a radio network controller 
(RNC) 24, i.e., whether it is to be a SRNC or DRNC, when the UE-CN connection is 
being established. Normally, the radio network controller (RNC) 24 that controls the 
cell where the connection to the UE is initially established is assigned the SRNC role 
for this UE connection. As the UE moves, the connection is maintained by establishing 
radio communication branches via new cells, possibly also involving cells controlled by 
other RNCs (DRNCs). 

The above described roles are relevant also when a UE is in a low activity state 
(URA Connected) and only reporting its change of location on a URA basis (rather than 
on a cell basis). The control of UEs in low activity state remains in the SRNC. Each 
radio network controller (RNC) can act or function as a serving RNC (SRNC) for one 
UE, and on the other hand at the same time act or function as a drift RNC (DRNC) for 
another UE. 

In Fig. 2, radio network controller (RNC) 24! acts as SRNC for the connections 
to UE1, UE2 and UE3. The connection to UE2 is, after successive URA updates, 
communicated via a URA (and cell) controlled by RNC 24 2 , thus acting as DRNC for 
this connection. The connection to UE3 is, after successive URA updates, now 
communicated via a URA (and cell) controlled by RNC 24 3 , thus acting as DRNC for 
this connection. 

When in "URA Connected" state as mentioned above, the UE will only report 
25 change in its location when moving from one URA to another. This is done by 

performing a procedure called URA Update. The flashes with arrowheads in Fig. 2 
depict the Ues initiating a URA Update. The UE stays in "URA Connected" mode also 
after a URA Update is performed, i.e. the next contact with the network is when a new 
URA boarder is passed (e.g., when the UE moves from the current URA into a new 
30 URA). 
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Fig. 3 shows various URA Update activities. First, Fig. 3 shows UE1 
performing a URA Update when moving from URA! to URA 2 (the movement depicted 
by arrow 3-1). Second, Fig. 3 shows that UE2 does not perform an URA Update 
despite moving (as indicated by arrow 3-2) from a cell controlled by radio network 
5 controller (RNC) 24 2 to a cell controlled by radio network controller (RNC) 24 3 , both 
cells being within URA 5 . In this regard, note that in Fig. 3 UE2 does not have an 
arrowhead flash. URA 5 , as mentioned above, is an overlapping URA. In this case, the 
SRNC (i.e., radio network controller (RNC) 240 is unaware that UE2 cannot be reached 
via radio network controller (RNC) 24 2 . Third, Fig. 3 shows that UE3 performs a URA 
10 Update when moving (as indicated by arrow 3-3) from URA 5 to URA 6 . 

When the UE3 in Fig. 3 performs an URA Update, this is conveyed to the SRNC 
for UE3, i.e. radio network controller (RNC) 24 t . The procedure to convey the URA 
Update to the SRNC is shown in Fig. 4. Fig. 4 shows the radio network controller 
(RNC) 24 3 sending a URA Update Request message 4-1 to the SRNC (i.e., radio 
15 network controller (RNC) 240, and (in response) the SRNC returning a URA Update 
Response message 4-2. Thus, Fig. 4 shows an RNC-RNC signaling procedure to 
support URA Update from another RNC (the DRNC) where the connection with the 
network was established by the SRNC. 

Conventionally, as in GPRS for example, sharp routing area boarders between 
20 base station controllers (RNCs) are defined in order to support low activity mobility in 
large radio access networks, and not allowing routing areas to overlap between the 
BSCs. However, it is presently contemplated that in the future routing areas may 
overlap between different RNCs. In accordance with present proposals in this regard, it 
is required first that each RNC store, on a permanent basis, the signaling network 
25 address of all RNCs in the radio access network (UTRAN). As a second requirement of 
such proposal, the signaling network addresses must be correlated with the URA 
configuration of the radio access network (UTRAN). These requirements are 
considered necessary in terms of the proposals in order to be able to page a UE within 
any URA in the radio access network. 

30 However, the foregoing proposal implies that a RNC needs to store information 

concerning the configuration of the full radio access network with regards to URAs and 
which RNCs has at least one cell within a particular URA. As such, the proposal 
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unfortunately requires extensive configuration information in each RNC, which of 
course implies extensive updating task as the radio access network evolves. 

The drawbacks of the foregoing proposal are overcome by the present invention. 
In accordance with the storage of information at an RNC, the present invention requires 

5 that an RNC need, on a permanent basis, only store for all its URAs the RNC signaling 
network address of (1) all other RNCs that have at least one cell in that URA; and (2) 
any RNCs which function as a serving RNC for a connection for which the RNC 
functions as a drift RNC (DRNC). Further, in accordance with signaling aspects of the 
present invention, the RNC signaling network address (or abstract identifies 

10 representing the signaling network addresses) of all the RNCs having at least one cell in 
the same URA as from which the URA Update was received are transferred in signaling 
messages between the involved RNCs when needed. 

Thus, regarding RNC address storing for the present invention, on a permanent 
basis an RNC need only store, for all its URAs, the RNC signaling network address of 
15 all other RNCs that have at least one cell in that URA. Of course, the RNC needs also 
to store the signaling address of an SRNC for a connection for which the RNC acts as a 
drift RNC (DRNC), in order to be able to pass the URA Update to the SRNC when 
receiving an URA Update from the UE participating in the connection. 

In the situation in Fig. 2, for example, utilization of the presepHnvention has 
three implications. The first implication is that radio network^etfnttoller (RNC) 24 2 
stores the signaling network address of radio network cpiffroller (RNC) 24 3 , since radio 
network controller (RNC) 24 2 needs the address o£*£dio network controller (RNC) 24 3 
since URA 5 has cells also in radio network controller (RNC) 24 3 ). However, radio 
network controller (RNC) 24 2 does not ne€d to store the signaling network address of 
25 radio network controller (RNC) 24-j^ince none of the URAs within radio network 
controller (RNC) 24 2 has cells^fradio network controller (RNC) 24 1). A second 
implication is that radio network controller (RNC) 24 3 stores the signaling network 
address of radio netwo^controller (RNC) 24 2 (radio network controller (RNC) 24 3 
needs this since the^JRAS has cells also in radio network controller (RNC) 24 2 ). As a 
30 third implication^ radio network controller (RNC) 24 1 does not need to store the 

signaling network address of any other RNC (the URAs 1 and 2 exists only in radio 
network^tontroller (RNC) 24,). 
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Regarding signaling aspects of the present invention, the RNC signaling network 
address (or abstract identifies representing the signaling network addresses) of all the 
RNCs having at least one cell in the same URA as from which the URA Update was 
5 received are transferred in signaling messages between the involved RNCs when 
needed. This enables support paging of a mobile in any URA where the mobile has 
performed a URA Update, regardless of which RNCs that have cells in that URA. This 
requires that the RNC signaling network address (or abstract identifies representing the 
signaling network addresses) of all the RNCs having at least one cell in the same URA 
10 as from which the URA Update was received in are transferred in signaling messages 
between the involved RNCs when needed. One appropriate event for this is the 
signaling procedure that the DRNC receives a URA Update request message from the 
mobile and forwards this message to the SRNC. 

Fig. 5 shows a situation in which a UE is moving from U^A 6 to URA 5 (as 
indicated by arrow 5-1), necessitating a URA Update. Fi^Sshows a sequence of 
messaging for the scenario of Fig. 5, including both a URA Update Request message 6- 
2 sent from the DRNC (radio network controller (Rf<fC) 24 3 ) to the SRNC (radio 
network controller (RNC) 240, and a URA Response message 6-2 sent from 

radio network controller (RNC) 24] to radkyfietwork controller (RNC) 24 3 . In the 
20 sequence in Fig. 6, the DRNC sends toftfe SRNC, as URA Update Request message 6- 
2, the following information: (1) ks^own signaling network address (or an abstract 
identity representing the signaling network address); and (2) the signaling network 
address (or an abstract identity representing the signaling network address) of radio 
network controller (RNQfz4 2 . The transmission of the signaling network address of 
25 radio network controller (RNC) 24 2 is necessary since the UE is now in a URA that 
includes cells in bMi radio network controller (RNC) 24 3 and radio network controller 
(RNC) 24 2 . Upon receipt of the information of URA Update Request message 6-2, the 
SRNC cajyfif needed) page the UE within the entire of URA 5 , including cell C 2:5 
controlled by radio network controller (RNC) 24 2 . 

30 In the scenario of Fig. 7, the UE is moving from URA 4 to URA 3 (as indicated by 

arrow 7-1) and will thus perform a URA Update. In the messaging sequence in Fig. 8, 
in the URA Update Request message 8-1 the DRNC (i.e., radio network controller 
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(RNC) 24 2 ) does not send the signaling network address (or an abstract identity 
representing the signaling network address) of any other RNC to the SRNC, since the 
URA 3 into which the UE moved does not have cells in any other RNC. However, in the 
URA Update Request message 8-1 the DRNC still sends its own signaling network 
5 address (or an abstract identity representing the signaling network address) to the SRNC 
(i.e., radio network controller (RNC) 240. As a result of the procedure, the SRNC can 
page (if needed) the UE within the entire of URA 3 (fully within radio network controller 
(RNC) 242). 

One example way of determining how an RNC which receives a URA Update 
Request from a user equipment unit (UE) finds the signaling network address of the 
RNC acting as the Serving RNC for the user equipment unit (UE) is understood with 
reference to United States Patent Application Serial Number 09/258,151, filed February 
26, 1999, entitled "Method and Apparatus for Transferring Information Between 
Mobile Terminals and Entities In A Radio Access Network", which is incorporated 
herein by reference. Other possible ways to find the signaling network address of the 
serving RNC (SRNC) are also within the scope of the present invention. 

Thus, in accordance with the present invention, each radio network controller 
(RNC) 24 need, on a permanent basis, only store RNC signaling network addresses, of 
(1) all other RNCs that have at least one cell in that URA; and (2) any RNCs which 
20 function as a serving RNC for a connection for which the RNC functions as a drift RNC 
(DRNC). This means that each radio network controller need not store addresses for all 
radio network controllers throughout the topology of the radio access network 20. 

In addition, the present invention advantageously requires less operation and 
maintenance support to keep each RNC node updated with correct "URA Information" 
25 and RNC signaling network addresses. Further, paging of a mobile active in a specific 
URA can be initiated from the RNC (SRNC) knowing the location (URA) of the mobile 
in the network, regardless of which RNC that has cells within the URA. This paging 
can be performed even if some of the cells are controlled by other RNCs than the RNC 
receiving the last URA Update (the DRNC at the time of the URA Update). 
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While the invention has been described in connection with what is presently 
considered to be the most practical and preferred embodiment, it is to be understood 
that the invention is not to be limited to the disclosed embodiment, but on the contrary, 
is intended to cover various modifications and equivalent arrangements included within 
5 the spirit and scope of the appended claims. 




